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stablish the minimum inspection and testing
partment Planning and Development (DPD) and to

ity of structural shotcrete. Particular emphasis is given to the

e registered special inspector. Other building jurisdictions have
found that limiting'She non-critical systems of a structure was a reasonable manner to
obtain confidence. D eves that by clarifying the responsibilities of the involved parties,
shotcrete can be used confidence in many situations. Use of shotcrete with these quality
controls implemented4s a cost-effective alternative to cast-in-place concrete.

REFERENCES

1. Seattle Building Code (SBC) Section 1914
2. American Concrete Institute (ACI) 506R-05, “Guide to Shotcrete,” ACI 506.2-95
“Specifications for Shotcrete,” and ACI 506.4R-94 “Guide for the Evaluation of

Shotcrete.”
3. Director’s Rule 8-2006, “General Duties and Responsibilities of Registered Special
Inspectors.”
City of Seattle Department of Planning and Development Diane M. Sugimura, Director
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DEFINITIONS

Shotcrete is mortar or concrete that is pneumatically projected at high velocity onto a surface.
It is also known as Gunite and air-placed concrete.

Engineer is the Structural Engineer of Record for the entire project.

RULE

A. APPROVALS REQUIRED BY DPD

Approval of the shotcrete procedure by the Engineer and DPD |
structural shotcrete on any project. Approvals are required f

ired prior to application of
mix, slump, lift height,
ing compression test

revoked if changes are made without first obtaining . [ jects which do
not specify the shotcrete method of placement sh val of
the Engineer and DPD.

Areas of the structure which are to be shotcreted shall b
an alternate, a written description reviewed and signed by
DPD for approval at the time of the preca ction meeting.

n on the permit documents. As
gineer may be submitted to

B. PRE-CONSTRUCTION MEETING

is used. The meeting s
and the shotcrete subg

gsignated areas to be shotcreted
. The meeting shall be attended by the

the criteria for waiving of pre-construction test panels
crete pre-construction meeting may be waived by the Engineer
and DPD.
C. ON TESTING

Q) Nozzler’'s Qudlification Panel. Each nozzler must shoot a mock-up panel. A mock-up

panel shall be shot, cured, cored or sawn, and visually examined prior to commencement of the
project in order to demonstrate each nozzler’s ability to do the work.

Each shoot of a mock-up panel shall be witnessed by a special inspector registered in shotcrete
from the authorized inspection agency for the project and may be witnessed by the Engineer
and DPD. Twenty-four hours prior to scheduled shooting of the mock-up panels, notification
shall be given to the authorized special inspection agency, the Engineer, and DPD.
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The mock-up panel shall represent the project and simulate job conditions as closely as
possible. The mock-up panel thickness and reinforcing shall reproduce the thickest and most
congested area specified for the structure, as identified by the Engineer. The Engineer shall
state which section of the design drawings shall be represented by the panel. Or, where the
panel is to be a composite of sections, the Engineer shall provide the contractor with a detailed
sketch of the panel. The panel shall be a minimum of 3 feet x 3 feet by the actual shotcrete
thickness of the area represented. Reinforcing steel, type of splices, dowels, and embedded
items shall be represented in the mock-up panel.

The panel must be shot using the same nozzler, nozzler's assistant, a
used on the actual project, and with the same concrete mix design
who will supply the actual project), and at the same angle as will
the nozzler will have to shotcrete a lift higher than his/her shou ht, the mock-up panel
shall be set so the maximum height the nozzler will shoot o licated in the panel.
Concrete used for the actual project shall be within 1/2 in used on the test

equipment that will be
e concrete producer
sed on the project. Where

as nearly in half as practical. When the mock-up pane for visual eXamination, a
minimum of three cores shall be taken. Each core shall in diameter and cut through the

entire thickness of the panel. Cores sh jons marked by the special
inspector, Engineer or DPD. (In general, uld not be closer than 6” to
any edge of the panel except where specis Ist and these areas are
considered to be critical to design performa [ tionally located so as to

intersect the most congested resteel interse i h intersections in the
hardened panel, where the end i not extend through the panel forms,

or rejectio : ' successful joint achievement as well as on the
results g P ' may be required by the Engineer and/or DPD in the area

The nozzl ificati anel shall be completely stripped of their forms and formed sides
shall be exa i of sags and delaminations as well as voids, rock pockets, etc.

nozzler can effective
defects, and that he/s

ase the reinforcing steel without voids, rock pockets, or similar
can apply shotcrete with an overall dense nonporous appearance.

The cores or sawn surface shall be reviewed by the Special Inspector, Engineer and DPD.
They shall discuss acceptability of the quality of work including: number of voids, bar placement,
bar cover, and porosity. When the test panels meet the agreed-upon quality, the work may
proceed.

The Engineer and DPD may waive their review of the mock-up panel. The Special Inspector
may authorize the work to proceed when the panel reveals virtually no defects. The test panels
and any cores shall remain on site for follow-up examination by the Engineer and DPD. When
the visual examination of the formed and cut or cored surfaces of the shotcrete panel reveals
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voids, rock pockets, sand streaks or other defects the Special Inspector shall notify the Engineer
and DPD immediately so they may examine the sample(s), and decide whether or not the
nozzler's work is acceptable and the shotcreting may commence.

EXCEPTION: The requirement to pass a mock-up panel for a specific project may be waived by
the building official provided:
a) All reinforcing bars are #5 or smaller;
b) The minimum spacing for reinforcing bars specified in SBC 1914.4.2 is met;
c) Non-contact lap splices are used with at least two inches of clearance between bars,
and never more than 6 inches;
d) There are no pilasters, columns, beams, or other complicate ers included in the
proposed shotcrete work;
e) No overhead or other especially difficult shooting positi
The nozzler or nozzlers who will do the work have b
panel within the past year, or have successfully s ' ied by a minimum of

three cores taken from the actual structure) wi hile employed by
the same shotcreting firm. You may contact pector to
verify nozzler’s prior record.
After all reinforcing steel is in place for the areasto [ tor or the
Engineer and DPD shall verify that the above criteria f the test panef or the
exception have been met. Where several members are t laced at different times, approval

may be given for one area at a time.

(2) Compressive Strength Test Panels. as a minimum of 7 sacks
of cement per cubic yard and provided the S Gifi psi or less, no
compressive strength tests are required at t gualification panels. Where
it is proposed to use a mix withsless than 7 sacks cubic yard and/or where design

shotcreting may be st ded after the first day’s work until cores can be taken from that work
and evaluated. This m@y be done when the quality of shotcreting produced by a particular
contractor or by a particular nozzler is unknown, or is questioned because of a history of poor
workmanship on past projects.

E. CORES FOR VISUAL EXAMINATION FROM THE STRUCTURE

Cores shall be taken from the structure during construction for visual examination of the
shotcrete, specifically to verify reinforcing steel embedment and bond in the shotcrete and to
verify overall density and porosity of the shotcrete. The number of cores required shall be
determined by the design team and DPD but shall be not less than three for any project.
Sacrificial steel shall be placed in locations designated by the Engineer and cores shall be taken
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at the center of the sacrificial steel. Cores must cut through all curtains of steel and extend just
beyond the furthest curtain of sacrificial steel.

Where visual examination of cores taken from in-place work show poor consolidation or lack of
bond with the reinforcing steel, approval for the nozzler responsible shall be revoked and the
placed concrete not accepted. Any core which is taken for visual examination and which cuts
through reinforcing steel may not be destroyed until final acceptance or rejection of the
represented shotcrete has been made by DPD.

Any core which fails to cut through reinforcing steel is not valid for visual examination of
shotcrete quality in the structure.

EXCEPTION: When shotcrete is placed by a nozzler under Se
examination may be waived when:
a) total yardage is 100 cubic yards or less; and
b) in the opinion of the building official, no special

exception (2), visual

F. CORES FOR STRENGTH TESTS
Cores for strength tests may be taken from the
accordance with Section 1914.10 of SBC. Where stre are taken from the actual
work, they shall be discarded if reinforcing steel is accide included in the core. Where test

panels are used, the qualified nozzler sha e same angle and in the same
manner as the in-place work. Every effo the concrete in the test panel
is representative of that in the actual structlre imens shall be protected
from moisture loss, temperature extremes, & vhile at thg”jobsite in accordance with

ASTM C31-03.

G. SPECIAL INSPE

The Special Inspecto, ered by the Washington Association of Building Officials in
Reinforced Concreté inspection agency employing the
Special Inspector to providetield fraiging and supefvision of the Special Inspector to assure that
they are following,thi ' ieRgprocedures.

The Spe ector’'s Rule 8-2006, “General Duties and Responsibilities
of Reg Section 1701, and shall follow the recommendations
of ACI ok shall contain copies of these documents and this

rule

a) Record the'nan

b) Record how t els are reinforced and note whether lapped splices, dowels, and
embedded items are represented. Record the type of splices used (contact with one bar
behind the other, non-contact, mechanical coupler, etc.)

c) Record which concrete mix, supplier, pump, compressor, and nozzle are used,

d) Record the slump of the concrete used and the height of the lifts taken in the test panels;

e) Verify that principal steel is marked in such a manner on the outside of the forms so that
its locations will be determinable after the panel is shotcreted. Do not allow nails to be
pounded into any part of the shotcrete panel forms where there is fresh or green
shotcrete. Do not allow nails to be put on the edges of the forms which are parallel to
the finished surface where they will interfere with finishing the surface of the panel. Do
not allow the use of ink or chalk markers as they will be eradicated by overspray.
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(2) In addition to general inspection procedures and procedures required by the
inspection/testing agency during the shotcreting of the actual project, the Special Inspector shall
also be responsible for the following:

a)

b)

c)

d)

9)

Verify that reinforcing steel conforms to project specifications and the SBC. Particular
care shall be given to assure resteel is tied securely, is clean, and lapped splices are in
accordance with Section 1914.4.3 of SBC. Verify that the splice used in-place is the
same type of splice used in the nozzler’'s qualifying panel (non-contact lapped splices,
mechanical couplers, etc.) Verify that sacrificial steel has been added as directed by the
Engineer.

Verify that no portion of the work to be shotcreted has reinforci
(more bars, larger bars, or closer spacing) or is otherwise si
shoot than the “worst case” represented by the nozzler's

steel more congested
ly more difficult to

Verify that the concrete truck delivery tickets show that delivered is the same as
the approved mix. If the batch weights do not appe rip ticket, the inspector
shall ask the concrete truck driver to call his/her dispa ights and write
them on the ticket. Subsequent tickets shall shg ent content,
maximum size aggregate and admixtures (if t may be
added at the site.

Verify that the slump of the shotcrete is w i s qualifying
panel.

No admixtures shall be added at the nozzle unless@pproved by the Engineer and DPD
(Approval to use admixtures ma [ [ e measurements of the amount

of the admixture being added ca
Check each load of concrete visua
aggregate, high slump, etc.

Check forms, previously placed shot
is to be placed and iti 2
ding of the shotcrete. Pay

d over vertical earth cuts. Make sure the

esulting in voids behind the wall where
nto vertical earth cuts. Voids in excess of a few cubic feet
g@’be reported. All concrete contaminated with earth

ter does not remain on the surface.

0zzler’s assistant, pump, air compressor, and nozzle are the

d equipment for the project.

Verify that gu es are set at specified thicknesses, are located at intervals sufficient
to ensure properthickness and that they remain tightly strung throughout the placement.
Verify that joints are properly cleaned and sloped. If the reinforcing steel protruding from
the lift is blown clean immediately after shotcreting stops, additional cleaning of the
resteel may not be necessary. However, if overspray is allowed to dry on protruding
steel it shall be removed prior to placing additional concrete. Where joints are placed on
earth (for example, in top-down constructed permanent wall systems) special care must
be executed to keep dirt from being incorporated into the shotcrete. A thin layer of sand
shall be used to interface with the shotcrete for all but the cleanest of sandy soils. Also,
such joints must be carefully contoured by hand to slope down in the back to
accommodate cleaning the joint and placing the next lift down. In top-down construction
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after excavating the earth for the next lift down the joints shall be cleaned, with air or
water under pressure, to the satisfaction of the Special Inspector.

Verify that the concrete deposited in the last pass of a lift is removed by hand. This
material is not impacted by a subsequent layer of concrete and therefore is not
pneumatically consolidated and must be removed to prevent a weak, porous joint.

m) Verify that no rebound is used to patch holes or otherwise reintroduced into the work.

n)

0)

p)

a)

Verify that resteel does not move during application of shotcrete.

Verify that the nozzlers are using good ACI 506R-05 placement technique, paying
particular attention to angle of placement, distance of nozzle to work, even distribution of
concrete on the work surface, depth of pea gravel impact craters, etc. Monitor the
consolidating of the shotcrete by making sure the nozzler ke nozzle moving
sufficiently to prevent shotcrete from swelling out around th&impact area (such material
is not pneumatically consolidated and is not acceptable
Continuously maintain an observation position a few
shooting while remaining aware of the laborers moui [ caffolding, cleaning
up rebound, etc., and stay out of their way.
Verify that the nozzler’s assistant is in contin
out so it is not incorporated into the work.
remove rebound if it cannot be removed

The shotcréte above and
behind any sloughed off area may have moved w e slough off occurred. Any
movement by adjacent shotcreteywill result in voids d the resteel in these areas
and is unacceptable. Cuts to re ical and perpendicular to the
surface of the member. Where, in'th pector, movement may
have occurred adjacent to a slough i on shall be removed.
Verify that samples for compressive s
with SBC 1914.10.
Verify that core ' with the approved shotcrete procedure and
schedule, anddn 5 specified byathe Engineer. (Unless otherwise specified by

ollowed. Verify that no material which may
where finishing plaster coats, additional shotcrete
ill be applied. (Note: Where applicable, only water

il not interfere with the bond of additional concrete

0 us€'two applications on vertical shotcrete members, the first
y after finishing the shotcrete surface, the second 8 to 16 hours

horizontal Suria
Notify the sha contractor immediately if shotcreting should be discontinued
because of heawy rain, high wind, or low ambient temperatures (40 degrees F or less).
Promptly report to DPD and the Engineer any deviation from ACI 506R-05, SBC Section
1914, or this rule, and immediately report any observed defect which was not corrected.
In addition to the general information required for all inspection reports (Director’s Rule
8-2006) the shotcrete inspector shall report the names of the nozzler and nozzlers
assistant, the brand names and types of pump, compressor, and nozzle; heights of lifts,
slumps, total yardage used, and the type(s) of test samples taken.



